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Abstract

Rarc-earth manganites and cobaltites with the perovskite structure have been
a subject of great, recentinterestbecausetheir electrical resistance changes
significantly when a magnetic field is applied[1}- ['i], a property, which is of
technological relevance for mnaguetic devices. Depending onthe stoichiometry,
these compounds have diflerent mnagnetic ordering states, and the understand-
ing, of the interaction of the conduction clectrons with the mnagnetic moments
of manganese or cobalt ions is iimportant for explaining the origin of the
“colossal magnetoresistance” eflect [1]- [7]. In order to obtain direct informa-
tion about the scattering of the conduction electrons by lo calized magnetic
moments, we have studied the Hall effect in thin filin Lag sCag s CoOg ma-
terial and have obtained convincing evidence for the so-called “anomalous”
Hall eflect, typical fOr magnetic metals. This effect is due to the left-ri~|lt
asymmetry of conduction electron scattering by various perturbationsinthe
regular arrangement of the localized moments of the magnetic ions [8]. Our
results suggest that near the ferromagnetic ordering temperature, the domi- )

nant electron scattering mechanisin is the spinfluctuations.




The 1 sa0.5CagsCoOs epitaxial fil ins have been grown by pulsed laser deposition using a
stoichio metric targe t of 1ag.sCaos CoOy, in 100 mTorr of oxygen. 1he temperature of the
LaAlOg substrates has been 700 °C. The growth has been followed by anncaling at 900 °C for
two hours, and thc epitaxy of the films is confirmed by x-ray rocking curves. The resistivity
and magnetizal lon measurcments (N. - C. Yehet cd., manuscript sub mitted) give the ferro-
magnetic ordering (Curie) temperature 7, 180:15 K. *J)hc samples arc 2 minx 211 x200
nmin size. Themagnetic field is always perpendicular to the filin. The demagnetization
factor is N =~linsuch a gcometry, so that the applied magucetic field 71, multiplied by the
permecability of vacuum fto cquals the magnetic induction B inthe fil .

IMigure 1 shows the teinperature dependence of the electrical resistivity p,. inzero mag-
ncticfield. A large decrcasce in the resistivity is observed ncar 7., which is followed by
a mimimum and a subsequent increase of p,,. with decreasing tcinperature. Such a rapid
mcrease Of the resistivity a low teinperatures IS common in cobaltites with the perovskite
struct ure [10]. The magnetic field dependence of the resistivity is presented in Fig. 2, top
pancl. The relative change of p,., is largest ncar 7.

InIig. 2, bottoin panel, we show the Hall resistivity, which is defined as the Hall
(transverse) clectric field (/9,) per unit longitudinal current density (Jo): p, 4 = 10/, -
Ry B (whiere Ry is the Hall coeflicient). The data of }ig.2, bottom panel, show that in
the ferromagnetic state (7' < 7¢) the initial linear rise of p,, is followed by amuch weaker
field dependence with increasing field. As the temperature is increased above the Curie
teinperature, the deviation from the lincar behavior becomes less pronounced and  disappears
for high enough temperaturesin the entire magnetic field range (see the isotherms at 7= 19S
Kandat 7'=-245 K in I'ig. 2, bottorn panel).

The linear portions of the mnagnetic ficld dependences of the hall resistivity allow de-
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termination of the Jojv-field (ficld-independent) Hall cocflicient, which appears to have s
strong temperature dependence (1ig. 3). 7y increases with temperature up to a maximun
occuring approximately 15 K below the Curic temperature. The maximuin is followed by
a rapid drop of the Hall cocflicient, with the largest negative temnperature slope necarest 7.
T 'he Hall cocflicient monotonically decrcases with temperaturcein the paramagnetic state.

Now weprocced to interpret the lall resistivity data. Inmagnctic materials, the Hall
resistivity can be presented as a sumn of two terms [8]: p,, = [0S -1 Ry M, where M is the
magnetization, fo and K, are coeflicients of proportionality. The first terin can be viewed
simply as the resull of the Lorentz force on the free elec Lrons, with fo= 1 /(ne), where
n is the clectron density, ¢ is the electron charge. The second terin is the anomalous Hall
resistivity In magn ctic materials, and typically ¢, 3> floin the ferromagnetic state [8].
Having observed the strong magnetic field and temperature dependences of poy, we shall
argucin th e following dis ¢ ussion that our all cflect data can be primarily attributed to the
anomalous Hall eflect.

Liet us first consider asingle magncetic domain in a ferromagnet. 1t has in zero applied
magnetic field a spontancous magnetization (M 5/0) and therefore a spontancous Hall effect
inside th e domain. This PJicHC)II”ICILON istcferied to asthe anomalous Halleffect [8]. The
cocflicient of proportionality 1, is deterinined by the scatiering of conductionclectrons by
disorder inthe system of thelocalized magnetic moments [8,11,12}. 1" or alarge number Of
randomly oriented domnains the average magnetization is zero, as is the anomalous Hallre-
sistivity. Asthcexternal magnetic field is jnercasera, thedomainsbecomeprogressively 1iorc
ahgned, and th e 1 all voltage appears. 1 'his behavior corresponds to the initial linear rise
of the lallresistivity insmall magnetic ficlds and the gradual saturation inlarge magnetic

"

fields (1 ig. 2, b ottom).




Therise of the Hall cocflicient with temnperature in the ferromagnetic state (70 < 7))
can be understood in terins of the thernally induced fluct uations of the spins of the cobalt
ions. Detailed theory [1 1,12] predicts a maximuinin the teinperature dependence of 1277 just
selow the ferromagnetic ordering temperature, i agrecinent with the data of Yig. 3.

Next, wc consider the paramagnetic state. Just asan applied magnetic field aligns
nacroscopic magnctic domainsat 77 < 7, to produce the anomalous Hall effect, so can it
align the individual ionic moments at 7' > 7 to produce a similar effect {12]. The degree of
this alignment at 7' > 7. is proportional to M= xH,, where x is the magnctic susceptibility.
Therefore, the all resistivity in we paramagnetic state is expected tobe proportional to
the magnetic ficld, in agreement with the data (IYg. 2, bottom panel). The anomalous Hall
cocflicient 72, has becn show n theoretically to be nearly temperature- independent in the
parainagnetic state [] 2). Conscquently, the temperature d ep endence Of p,y, = Hsx 11, should
follow that of the magnetic susceptibility: X ~(7'-7,) . Thispointcanbe verified by
plotting the inverse Hall cocfli cient as a fuuction Of temperature (1'ig. 4). Indeed, 1 /Ry is
lincar with tcmperature above 7,.~180 K.

Finally, we consider the implications of the observed anomalous Hall eflect on the mag-
nctoresistance. Inlig. 3, the magnitude of therclative change of p,, i a field of 6.5 0,
defined as [p, (6.57) - p22(0)]/ par (0), s shown by the squares and a dashed line. The
peak feature ncar 7, correlates well with the anomalous Hall effect data,indicatingthatthe
spin fluctuations play animportant role inthe occurrence of the large negative inagnetore-
sistance. Such an eflect should be of general importance to the magnetoresistan ce in the
magnetic perovskites of cobaltites as well as inanganites, although additional co mplications

may arise due to the cxistence of the Jahn - Teller effect in the latter [1 3]. Quantitative

studies of thic correlation between ¢ and pi,. willbe necessary for further understanding of




this issue [14].
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IFIGURY, CAPTIONS

Fig 1. The temperature dependence of the electrical resistivity in zero applied magnetic
field. ‘1 he arrow indicates the Curie temperature 7.

¥ig. 2. Top, the magnetic ficld dependences of the relative change of the longitutinal
resistivity. The temperature is indicated nearthe curves. Bottom, the rllaglictic.field de-
pendences of the Hall resistivity. The solid lines are guides to the eye, The dashed lines in
the bottom panc) present the liuear slope of p,, at low fields. I'or the Hall incasurements,
we have deposited four gold pads on the corners of the filmand employed the van der Pauw
method [9] to measure both the lall and longitudinal resistivitics.  We have p erformed
measurements at 10 - 20 different values of clec.tried current inthe range O - 30 A for all
temperatures and magnetic ficlds to ensure lincar responsc of the system. The sign of p,, is
positive. Although themagnetization curves measured onthe bulk LiagsCagsCoOsmaterial
look similar to the field dependences of p,,, quantitative comparison is diflicult because of
the difference in the demagnetization factors of the thin filin and bulk samples.

Fig. 3. The temperature dependences of the Hall coeflicient (circles) and the magne-
toresistance in a field of 6.5 71 (squares). The solid and dashedlines arc guides to the
eye .

I'tg. 4. The temperature dependence of the inverse hall coeflicient. The solid line is a
lincar fit to the high temperature data points, which satisfies Ity'~ (77 - 7%.),and 7. =180
K. Asswining that the norimnal Hall cocflicient I35 = 1 /(ne)docs not exceed the value of Ry

at 290 K, onc obtains a lower limnit for the carrier density nn>6x10? %573,
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